In this present work we have incorporated the non-Fermi liquid behavior into the expression of the neutron star (NS) kick velocity due to asymmetric neutrino emission. We have studied leading order (LO) as well as next to leading order (NLO) corrections to the velocity and compared the results with the Fermi liquid case. We have approximated our results for the case of large magnetic fields found in NS.
Introduction
Neutrinos are one of the foremost candidates responsible for the cooling of the NS composed of a normal (non-color superconducting) degenerate quark matter core. The cooling is carried out through the quark direct URCA process. For the past few years, it has been argued by several authors (Dorofeev et al., 1985;  Sagert and Schaffner-Bielich, 2007; Sagert and Schaffner-Bielich, 2008) that asymmetric neutrino emission is responsible for the pulsar kicks during the evolution of the NS.
The underlying mechanism for the generation of such kicks is the possible polarisation of the electrons leading to neutrino emission in a preferred direction. For this to happen, the magnetic field strength has to be equal to or greater than some critical value which is given by B cric = m 2 i c 3 /(q i ), where m i and q i are the mass and charge of the corresponding particle. Such strong magnetic field forces the electrons to occupy the lowest Landau level polarising the electron spin opposite to the direction of the magnetic field. This leads to the formation of the neutrino and anti-neutrino emission cones which give rise to polarised neutrino emission along the axis opposite to the magnetic field direction. The electron polarisation for different . The specific heat of the QM is also modified due to the NFL corrections. In this work, we will calculate the specific heat of degenerate quark matter which receives significant correction due to the presence of the high external magnetic field while including the NFL corrections. Such high magnetic fields are supposed to be present at the core of the NS.
Thus, the inclusion of the magnetic field in the specific heat in the case of interacting plasma and its effect on the kick velocity of the NS is studied.
The plan of the paper is as follows. In section II we discuss the formalism to calculate the kick velocity and calculate the velocity for different conditions of the magnetic field taking into account the NFL effect in specific heat capacity of magnetized quark matter. We present the results in section III followed by conclusion in section IV.
Formalism
The amount of pulsar acceleration depends on the polarisation of the electron spin and the momenta. The kick velocity can be written as,
where the polarisation fraction of the electrons has been denoted by χ and the neutrino emissivity by ε.
Using the cooling equation,
One can rewrite Eq. (1) in terms of the specific heat (C v ) of the quark matter core. Eq. (1) and Eq. (2) allow one to calculate the pulsar kick velocity. In the region of low temperature and high chemical potential,
the Fermi liquid expression of the specific heat of quark is given as (Holstein et al., 1973) ,
where N c and N f are the number of color and flavor factors respectively. Thus the Fermi liquid contribution to the pulsar kick velocity as reported in can be recast into the following form,
The calculation of such kick velocity performed so far is restricted to the Fermi liquid results. Currently, however it is shown in a series of works that NFL behavior arising out of magnetic interactions in the relativistic regime can contribute significantly and wins over the electric or Coulombic interaction for the case of ultradegenerate matter as mentioned in the introduction. In general, in a medium, the quark dispersion relation can be obtained by solving the following equation,
where the Σ represents the one loop quark quasiparticle self energy. Explicitly for excitation near the Fermi surface this has been derived in (Gerhold and Rebhan, 2005) ,
Here ε = ω − µ q ∼ T ; ω being the quasiparticle energy; m 2 = (N f g 2 µ 2 q )/(4π 2 ) and is related to the Debye screening mass by m 2 = m 2 D /2. In the above calculation of the quark self energy, the dominant contribution at one loop order arises when the gluon in the loop is soft (∼ gµ). This approach requires dressing of the gluon propagator to incorporate Debye screening and Landau damping. Now, it will be interesting to investigate the effect of the exterior magnetic field on the specific heat of the quark matter.
In the presence of a constant external magnetic field (B) along the z axis, the thermodynamic potential is modified as (Chakraborty, 1996; Bandopadhyay et al., 1997) ,
where = p 2 z + m 2 + 2ν|q|B is the single particle energy eigen value, g d is the quark degeneracy and ν = 0, 1, 2, ... Thus, the specific heat computed from the thermodynamic potential can be written as,
q cr (8) Incorporating the effect of the NFL behavior in the specific heat capacity, we obtain,
The NLO contribution to the specific heat capacity is obtained as,
where the constants are (Adhya et al., 2014) , 
The Debye mass (m B ) in the QCD case in presence of magnetic field is obtained as follows,
q cr (12) The pulsar kick velocity obtained taking into account the magnetic field effect on the specific heat capacity of the quarks reads as (Adhya et al., 2014) ,
By including the anomalous effect, we obtain the LO contribution to the kick velocity as (Adhya et al., 2014) ,
Now we have also extended our calculation beyond the LO in NFL correction. The NLO correction to the kick velocity can be written as (Adhya et al., 2014) ,
The constants are evaluated as,
The long range magnetic interactions lead to an anomalous T 2 lnT −1 term in the expression of the pulsar kick velocity. The kick velocity is computed with different conditions of the electron polarisation fractions.
For the case of vanishing temperature (cold neutron stars), the electron spin polarisation is given by (Sagert and Schaffner-Bielich, 2007) ,
where the critical value of the magnetic field is given by B e cr 4.4 × 10 13 G.
For the case when the magnetic field strength is chosen to be much larger than the temperature, the chemical potential as well as the electron mass (µ e , m e , T √ 2eB), the electron polarisation is given as (Sagert and Schaffner-Bielich, 2007) ,
For the case of large magnetic field, the kick velocity has to be solved numerically. The net contribution to the pulsar kick velocity upto NLO is obtained by the sum of the Fermi liquid result and the non-Fermi liquid correction upto NLO:
Results and Discussions
In our work, we have made an estimate of the quark phase radius of the NS with the temperature of the quark matter present in the core. For our purpose, we have considered kick velocity of the order of 10 2 km/s. The quark and electron chemical potentials are taken to be 400M eV and 10M eV respectively. Magnetic fields of 10 15 G to 10 19 G are considered relevant to the corresponding cases. In Fig. (1) , for the case of highly polarised electrons, the left panel shows a comparison between FL, LO and NLO corrections to the kick velocity when the effect of external magnetic field on the specific heat is excluded for highly polarised
electrons. The right panel shows a similar behavior with inclusion of the magnetic field on the specific heat capacity of quarks. In the Fig. (2) , similar behavior for FL, LO and NLO are observed when the electrons are partially polarised for low external magnetic fields. However, for all the cases, no appreciable change in the R-T relationship has been observed for the NLO correction with respect to the LO case.
